A new apotirucallane-type triterpenoid with an unusual 22,23-epoxy group in the side chain, 22,23-epoxy-apotirucalla-14-ene-3,7,24,25-tetraol (1), was isolated from the leaves and twigs of Orophea yunnanensis. The structure of 1 was established on the basis of HRESIMS, 1D, and 2D NMR spectroscopic methods. This is the first phytochemical study of Orophea yunnanensis, and the biogenetic origin of 1 was postulated. Compound 1 exhibited weak cytotoxicity in vitro against the growth of CNE1 nasopharyngeal carcinoma cell line with an IC 50 value of 9.7 μg/mL.
The genus Orophea, distributed mainly in south and south-east Asia, comprises about 60 species, of which four are represented in the flora of China [1a] . To date, there are only three publications related to the chemistry of this genus. Seven alkaloids were obtained from the leaves and stem bark of O. hexandra [1b,c] , and a polyacetylene, three lignans, and a tocopherol derivative were isolated from the leaves of O. enneandra [2] . In the current study, we report the isolation of a new apotirucallane-type triterpenoid (1), with an unusual 22,23-epoxy side chain, from the leaves and twigs of O. yunnanensis.
Oropheayunnol (1), a white powder, has the molecular formula C 30 H 50 O 5 , as established by the ion in the HR-ESI-MS at m/z 513.3560 [M+Na] + (Calcd 513.3556) . Its 1 H NMR spectrum displayed signals for seven tertiary methyl groups at δ H 1.01, 0.90, 1.28, 1.30, 0.95, 0.85, and 1.06 (each 3H, all s), a secondary methyl group at δ H 1.10 (3H, d, J = 6.5 Hz), three protons bonded to carbons bearing hydroxyl group at δ H 3.42 (1H, t, J = 2.7 Hz), 3.91 (1H, t, J = 2.7 Hz), and 3.50 (1H, brs), and an olefinic proton at δ H 5.45 (1H, d, J = 2.4 Hz) ( Table 1) . All the 30 carbon resonances were classified by DEPT and HSQC experiments as eight methyls, six sp 3 methylenes, nine sp 3 methines (five oxygenated), five sp 3 quaternary carbons, and one trisubstituted double bond (Table 1) . As the double bond occupied one of the six degrees of unsaturation in 1, the remaining five degrees of unsaturation were, therefore, indicative that compound 1 is pentacyclic. The aforementioned information implied compound 1 possesses a  14 -18-methylapotirucallane skeleton feature [3,4a,b] . The HMBC correlations revealed that the tetracyclic system of 1 was almost identical to those of known apotirucallanes. In particular, HMBC correlations from two geminal methyls (H 3 -28 and H 3 -29) to C-4, C-5, and an oxygenated methine at δ 76.2 indicated the presence of a hydroxyl group at C-3. HMBC correlations from H 3 -30 to C-8, C-9, a sp 2 quaternary carbon (δ 162.5), and an oxygenated methine (δ 72.4) revealed the presence of  14 and a hydroxyl group at C-7. For the side chain, signals for two oxygenated methines (1) quaternary carbon (δ C 72.9) and a methine (δ C 73.7) in the HMBC spectrum indicated the presence of hydroxyl groups at C-24 and C-25. The relative stereochemistry of 1 was established on the basis of the ROESY experiment and interpretation of 1 H-1 H coupling constants. The strong ROESY correlations of H 3 -29/H-2, H-3, and H-6; H-1/H-5 and H-9; H 3 -30/H-19 and H-7; H 3 -18/H-9 and H-20; and H-21/H 2 -12 indicated that the configuration of the tetracyclic core in 1 was identical to those of known apotirucallanes [3,4a,b] . Furthermore, the  orientations of 3-OH and 7-OH were supported by the small coupling constants of H-3 and H-7 (both t, J = 2.7 Hz). The rotation of the side chain (from C-20 to C-25) seemed fairly fixed by the steric bulk or the possible hydrogen bond formed between 24-OH and the oxygen of the epoxy ring to give a favorable conformation in the solvent, as judged from the coupling constant and the ROESY correlations [3] . the orientations of H-22, H-23, and H-24 were assigned as , , and , respectively. Therefore, compound 1 was identified as 22,23epoxy-apotirucalla-14-ene-3,7,24,25-tetraol and assigned a common name oropheayunnol. To the best of our knowledge, this is the first example of an apotirucallane-type triterpenoid bearing a 22,23-epoxy group instead of the tetrahydrofuran, tetrahydropyran, or oxepane ring commonly found in the side chain [3,4a,b] .
As the oxygenated pattern of the side chain in 1 was different to those of related apotirucallanes, biogenetic pathways focused on modifications of the side chain were proposed (Scheme 1). Chisiamol F from Chisocheton siamensis [4a] was rationalized as the biosynthetic precursor, which undergoes etherification between either C-21 and C-24 or between C-21 and C-25 to give chisiamol A or chisiamol C, respectively. The oxidation of chisiamol F at C-21 could produce an aldehyde intermediate (i), which undergoes hemi-acetylation between C-21 and C-23 to form 3-acetoxy-21,23-epoxyapotirucall-14-ene-7,21R,24,25-tetrol [4a] . As in the case for the formation of 1, chisiamol F undergoes dehydration between C-20 and C-21 and subsequent allylic oxidation at C-22 to give a 22, 23-dihydroxyl intermediate (iii), which cyclizes to form a 22,23-epoxy ring (iv). The epoxy intermediate iv is finally hydrogenated to afford 1. As these compounds are biosynthetically related, their stereo configurations at C-20, C-23, and C-24 are consistent. Compound 1 was tested for its in vitro cytotoxicity against the CNE1 cell line, and showed an IC 50 value of 9.7 μg/mL. 
Cytotoxicity:
In vitro cytotoxicity was determined by means of the colorimetric MTT {3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2Htetrazolium bromide} assay. The tested human nasopharyngeal carcinoma (CNE1) cell line was seeded in 96-well plates at a density of 3×107 cells/L, and the compound was added at various concentrations (0.125-50 mg/L). After 48 h, MTT was added to the culture medium at a final concentration of 0.5 mg/mL, and the plates were incubated for 4 h at 37ºC. The supernatant was removed. The formazan crystals were dissolved in DMSO (150 μL) with gentle shaking at r.t. The absorbance at 570 nm was recorded with a microplate reader, and the data were analyzed in the usual way.
